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the cage. Durin most of this period this is t.rue for two 

35O it is true for about three hours. 
With h greater than 45' the average value of a. for solar 

and sky radiation, with the sun shinin through t,he top 

sun shining through the east or west side of the cage, the 
value of c1 generally exceeds 0.60, and it will not fall below 
this value unless e is a small angle. 

Plants far enough back from the south side of the CR e 

middle of the day will therefore receive about 65 per cent 
of the total radiation, escept when shaded from direct 
solar radiation by the wooden franie of the CBW, and this 
will average about 1S per cent of the time. buring t.his 
time they will receive about S per cent of t,he tot.al radia- 
tion. Therefore the proportion, A, of the tot.al radiation 

hours each side o 9 true solar noon, and south of latitude 

of the cage, exceeds 0.60. With lb  less 5l t an 4 5 O ,  with the 

to receive solar radiation talirough the top during t, a e 

the cage should receive on an average at  least one.-half 
the total solar and sky radiation, unless it is very close to 
the sout*li side of the cage, and is coiisiderably south of 
latitude 40° N. 

SUYYAEY. 

1. Pyrheliometric measurements show that a.t normal 
incidence with the wire cloth the wires int,ercept 0.332 of 
the solar radiation, or about what we would expect of 
16-mesh clot,h macle of No. 29 wire, American gage. 

3. Pyrheliomet.ric measurement.s show that ec uation 

a vertical side of the cage, and equation (10 )  for t,rans- 
mission through t.he horizontal top of t,he cag~?, except for 
very large incident angles. 

3. For t.lie t,ot,nJ solnr and sky radiation, measurenients 
with u Callendar recording pyrhelionieter indicate t,liat 

(9) applies for the tritnsniission of solnr radiat,ioii t I irough 

FIG. 3.--Wire i m c t  cage transmission testa, September 20 19113. Upper ciirve, -4 A ,  total ydar and skv radiation, mcmired outaide the cage. Intermediate curve, B B ,  
r a d h o n  measured inside the cage, wlth sun sliinhg through top. 

received by the plant, may be espressed approsimat,ely 
by the equation 

A = (0.08 X 0.18) + (0.65 X 0.82) = 0.55 (1 3? 

If the plant is so near the east or the west side of the 
cage that it does not receive solar radiation through the 
top of the cage until nearly noon, the traiisniissioii for the 
two hours preceding or following noon may be reducecl to 
about 0.30, and the proportion for the day may be less 
than 0.50. 

If the plant is so near the south side of the cage t.hat it  
receives its midday solar radiat.ion t,hrougli this side, t,he 
transmission for t;he four midday hours may be reduced 
to from 50 to 30 per cent, depending on the values of 
h and 0. 

The lower the latitude the less will be the amount of 
radiation transmitted through the south side of the scre,en, 
and, likewise, the smaller will be the area receiving radia- 
tion through this side. Therefore, a plant in any part of 

ecpation (12) gives approsimnte rcsults, where S is deter- 
mined from equation (9) or equation (10). 
4. From equations (13) and (131, it  appears that, a 

plant in any part of the cage, escept close to the south 
side, should receive about 50 per cent of the total radia- 
tion. 

Equations (1) to (10) can be adapted to wire cloth of 
any character by changing the constants in e uations 

cloth and the diameter of the wire. Equations (12) and 
(13), which are a t  best only apxosimately correct, are 

(11, (21, and (41, which we derived from the mes x of the 

not easily derived mathenint ical I y. 
CECUYZENITHAL ARC WITH A BLACK BAND. 

By HOWARD H. MARTIN. A h t a n t  Observer. 
[Dated: Fort Worth, Tex., dug. 12,1916.] 

An exceptional opportunity to make accurate ohservs- 
tions of tehe circumzenithnl arc was afforded the writer on 
the afternoon of August, 6, 1916. The phenomenon was 
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observed from lSh 34" to 19" OG", 75te1i nieridian time 
(17h 34" arid lSh O W ,  resp., 90th mer. time). At t , lk  
station (lnt. 3 3 O  43' N.; long. 97' 15' W.) tlie altitude of 
the sun varied froiii approsimntely 23" to lSo 30'. 

The angular measurenlont,s were secured by tlie use of 
the altazimuth, used by the writer in securing measure- 
ments of meteor p d i s .  Alt.liough honieniade. it hns 
been found ticcumte and it is believed can be relied upon 
to within 20' of s true mensurement. 

Thc nltit,ucle of the sun was measured thrce times, viz, 
lSh 36" los, Ish 13" @5", niicl 1 9 h  OGN lo", 75th meridian 
time. All other rnlues in Tnble 1  re int.rrpol:itecl. 

The correct.ion neceasniy a.t t,liis st.at,ion t.o retluve 75th 
meridian t,inie t.0 locd mean solar t>inie is - lh 39". 

The raclius of the a.rc was deterniined by nie:i.suring the 
altitude of the bnnd at its point of nia,siinuni convexity, 
or on :I line clrswn from the zenith t.0 t.he sun's posit,imi, 
the complement of this vnlue being tlie rnclius v:ilue. It, 
has been assumed throughout that t,he band mnint,:tiiied 
a constant width of 2 O .  The niinut,e vnlues hnre been 
iven to as close a figure as possible and are believed to 

%e within 5' of the true measurement. 
The horizont,al poeit.ion of the bnncl was obtained by 

tlet.eriiiiiiiiig the npprosiniate aziniut,li of eit.her end. 
These values cnn not be t.rust,ed t.o n-ithiu 5' bccause 
of the difinsed c1:nracter of the ligllt. at, tliesc points. 
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DISCUSSION. 

The arc's- 
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During t41ie' t,ime of observation of this arc no eric1enc.e 
in n.ng part, of t.hn sky of nny ot.lier a.rc, 11~1~1, or optical 
phenonienon wns noted. The skies were part.l?; cloutled, 
with about &Cu. axid A.%. Local sliowers hod occurred 
in various parts of t.lie countmy prior t.o tlie t,inie of the 
phenomenon, and n t,liundcrst.orni bad pa.ssccl south of 
tlie stat.ion within nn hour previous. 

1%7or.-The band of t,he arc. nrns highly colored, t,he red 
nearest the sun, and :i.t one or two of t.he observnt.icais the 
violet could he clisting~iisliecl. The red seemed to he 
intensified n t  thnt point nonrest the sun, or on an irnFgi- 
naryline from the sun to the zenit,li. As the observ-at.ions 
progressed, tlie colors faclecl, leaving the red iii promi- 
nence until a t  the last,, lgh 06" los, 75t,h meridian time 

06" 10" by 90th mer. time), the phenonienon was 
little short of R red spot directly west, of the zenith. 

Dwii line.-Beginmng with the observation a t  lSh 40 
208,75th meridian tinie (17" 40" 20" by 90th mer. time), 
and endin with the observation a t  18h 41" los (17h 44" 

observed. The red circunizenit ial arc was seen divided 9 10" by 90ts B mer. time), a very eculiar phenomenon was 

horizontally by n single dark line running the full length 
of the arc, into two bancla whose widths were as 2 : 3, the 
narrower band hein nest the sun. 

An attempt to piot,ograph f this phenonienon wns un- 
successful, since the lens of the caniern was not suited for 
the work.. 

The dark line fadecl rather ahrui,tlv and entirely 
within the niinute eltipsing between tfie bbservations a't 
17h 44" los and 17h 45" los (90th mer. t.inie). 

This dark line resembled the dark Frmnhofer lines of 
the spectrum, niid this suggested the idea t>liat. it partook 
of the nature of the telluric spectral lines, which are due 
to abaorpt,ion by the gases of our nt,mosphere. Perhaps 
some other observer litis seen this pec.uliar line and given 
n better eslhuatiou of it. 

ATMOSPHERIC ELECTRICAL VARIATIONS AT SUNSET AND 
SUNRISE.' 

By E. H. NICHOLS. 
[Rrpriirtcdfrom Scieucc Abstracts, Sect. A, Aug. 25,1916, 0 916.1 

OhsernIt,ions of the positive and negative charge per 
cuhic contimeter, the air-enrt,li c.uirent, and the conduc- 
ti-rit.y \rere made wit.li two Ehnrt elnct.romct.ers and a 
Wilson compensating polcl-leiif electroscope. Potential 
graclieii ts were nieasurod from tlie chwts of the Kelvin 
mn.ter dro ,per. The two Ehort, inst.rumerits weIe used 

t.iw charges )er cubic cont,iiiietor. 1 hree consecutive 

rise or sunset a.nd three immediately after. Taking 
the nietins of tho 15 ininutm hefore'? and of the "15 
minutes nft,cr" sunset, it  is ap  larent that. a docrease of 
nhout 30 per cent occuis in a1 \ the qiinnt.it.ies (positive 
charge, nngatiw chnrga? nir-mrth rurrent, and conduc- 
tivit-7) a t  the t h e  of sunset. Tho individund 5-minute 
renclings show that t.bis is not hrought J m u t  hy a sudden 
chnngo a t  t,lic? instant, of sunset,, hut I-17 a c.rudual decrea.se 
t,lirou,aliou t! t.lic! wlio10 30 niinu t,es in a 1  the eleinenta. 
Tho effoct seems to he as strong in t,lic wintor nionths tts 
in tlic sumiiidr. Tho suiir isa rmtlinpp show that the 
effect is not so pronouncetl at  sunrise ns st sunset. A 
siniilnr invosbigation was carried out on the otential 

matm clropper. Ylicre is generidly an increase in ohntial 

in t,lie wint4*r but negligiblo in the suninier. Again tellere 
is no sudden change at tho instant of sunrise or sunset, 
but, n gradual one throuzhout the 30 minutes. 

The effect WIM t.riod of u~plyiiig a correction for the 

t.ime of day, md it was found that after doing tlus the 
sunrise and suiiact effoct.s w r e  still apparent .4 .  S. 
D,i[nes]. 

to record t h n siniulbaneous values of the positive and nega- 

5-niiiiute rea( t ings wert? taken immedintolv before sun- 

gradient, niakinm use of two years' records P rom the 

grarliont, l.)ot,li at, sunrise and sunsct. This is we s marked 

diurnd viwintion of 1)ot.m t,ia \ gmdient n.t the appropriate 

IONIZATION OF THE UPPER ATMOSPHERE.2 

By W. F. G. SWANN. 
[Rcprintedfrom Sriencc Abstracts, Scct. A, June 26,1916, # 711.1 

From various point,s of l-iew there are indications that 
tlie up or atniosphere is to be tRatctc1 t19 a re ion of 

which took this hypothesis as one of it,s bases, was that 
developed by Schuster to account for the diurnal varia- 
tion of the ear ths  There are different 
sources to w-hich the necessary ionization may be ascribed, 

higli e P ectrical conductid,y. One of tho first t % eories 

1 Proc Ro a1 Soc London July 1 1916 92401408. 
2 Terr&ri$ rnagn&.ism, M&h, 19i6,2l~l-& 
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